Introduction
Birdwatchers and dedicated Woodcock hunters have always been keen on finding special-coloured Woodcock specimens. However, there are only a few historical reports of specimens showing abnormal colour in the Hungarian hunting-and scientific literature, which is no coincidence, since unique coloured specimens of this species occur only very rarely. As with other wild birds, the most common colour mutation in Woodcock is the lack of pigmentation to varying degrees till completely white feathering. The possibility to investigate colour mutations in Woodcock surfaced in 2012 following the occurrence of a specimen with partially missing pigmentation. Research on Woodcock at the Institute of Game Management and Vertebrate Zoology at the University of Sopron has been running for several decades, until 2010, however, it was not possible to study the variety of colours and patterns nationwide, on the basis of a large number of samples. The large-scale analysis of the variability of colours and patterns was made possible by the countrywide wing sample collection within the biometric module of Woodcock Monitoring, which has been running under the coordination of the Hungarian Hunting Protection Association since 2010. The Hungarian and international literature and our own results may provide an explanation for the questions about the rarely occurring pigmentation disturbances in Woodcock. Another goal is to clarify the special terminology, which is often used incorrectly until now.
Material and Methods
Our investigations are based on historical ornithological literature and wing samples (n = 12,078) collected during the Woodcock Monitoring from 2010 onwards. As part of the description of the Woodcock curiosities the following international (8 countries) and national scientific literature were analysed from 1825-2019:
England (UK): Yarrell (1843) (Url. 1), Norfolk Accredited Museum (Url. 4), Rothschild Zoological Museum (Url. 5), Anonymus (1842), Anonymus (1874), Frohawk (1900) (Url. 2).
Germany: Anonymus (1864) Romania: Anonymus (1890) India: Anonymus (1897) France: Goduon (2002) , Boidot (2003a, b) , Boidot (2004) , Boidot (2006) , Bruyére (2007) , Cauquil (2007) , Fulchic (2007) , Boidot (2008a, b) , Boidot (2009) , Boidot (2010) , Boidot (2012b) , Boidot (2013a, b) , Lapasset (2017) , Pascal (2019) Italy: Pennacchini (2013) , (Url. 6) Czech Republic: (Url. 3) Russia: Anonymus (2015), Anonymus (2018a). Hungary: Anonymus (1870), Anonymus (1872a, b), Inkey (1873) , Anonymus (1878), Dittrich (1878), Madarász (1884) , Lakatos (1887) , Buda (1900) , Lakatos (1904) , Anonymus (1906) , Donászy (1907) , Bodnár (1908) , Szilárd (1910) , Egervári (1912) , Veress (1912 ) Szakáll (1921 , Csík (1924) , Karakosevic (1927) , Bélaváry (1943) , Szakács (1994) (2) 102 The investigations on pigmentation disorders are based on the countrywide wing sample collection within the biometric module of the Woodcock Monitoring of the Hungarian Hunting Protection Association since 2010. During sampling in spring, one wing of at least 25%, from 2011, 40% of the hunted birds were prepared, cut off at the elbow, opened to 130-160 degrees and sent by the data provider to the research. The samples served primarily to determine the age, but the resulting photographic databases offer an excellent opportunity to study the colour and the pattern based on a large number of elements in Hungary.
Results
The first mention in the literature about a Woodcock in partial white special colour, comes from an unknown author from the year 1870 (Anonymus 1870). Afterwards, in the period before the First World War (until 1921), white-feathered specimens (n = 17) from 11 counties were known hunted in the territory Kingdom of Hungary ( Figure 1) .
Based on the published curiosities it can be stated that such specimens are known -following the distribution pattern of all killed specimens in the study area (Faragó 2009 ) -in Transdanubia (Somogy) and in the Central Hungarian region along the Danube (counties: Bács-Bodrog Csongrád, Pest-Pilis-Solt-Kiskun, Fejér and Komárom). In addition, the region of Northern Hungary (counties: Szabolcs, Zemplén, Borsod) was crucial and from Figure 1 . Occurrence of white Woodcocks in the territory Kingdom of Hungary until 1920 1. ábra Fehér szalonkák megkerülése a Királyi Magyarország területén 1920-ig concentrated in the counties along the main migration routes. Therefore, they are of crucial importance, similar to the territorial distribution in Kingdom of Hungary ( Figure 2 ).
For the period 1921-2019 the following literature data are available for unique white-feathered Woodcock, based on As already mentioned, the importance of Transdanubia (Zala, Győr-Moson-Sopron, Veszprém counties) with regard to the location of white specimens remains unchanged, but the Danube-Tisza region (Pest, Bács-Kiskun counties), and the region of northern Hungary (Szabolcs-Szatmár-Bereg County) is also important. There are no data from the counties of the Tiszántúl region because of the low forest cover and consequently small hunting bag.
According to the Woodcock harvest from the period 2010-2014, it is apparent that the curiosity sites -despite the few data of exceptionally brightly coloured specimens -are tied to the three main migration routes representing by the amounts of hunted specimens (Faragó et al. 2012a (Faragó et al. , b, 2014 (Faragó et al. , 2015 (Faragó et al. , 2016 .
Discussion

Colour and pattern determining pigments
In Woodcock, the correct designation of the white colour mutations and the various disturbances leading to white feathers is generally difficult, which is why incorrect terminology is often found in ornithological literature. In order to correctly identify these colour mutations, it is important to know the process of normal pigmentation, and which pigments play a role in the development of species-specific colour and pattern of feathers. The so-called classic "wild dominant" colour of Woodcock is determined by two types of melanin eumelanin and pheomelanin. In feathers containing both forms of melanin, eumelanin is primarily located in the middle of the feathers, while pheomelanin at the edges, creating the species-specific pattern. Melanin is produced through a multistage chemical process known as melanogenesis, where the oxidation of the amino acid tyrosine is catalysed by the tyrosinase enzyme. Melanin polymer molecules are oxidized during the process. However, the degree of oxidation can vary, and thus the intensity of the colour produced. Black is the most oxidized form, while brown indicates a weaker oxidation state (Mason 1953 , Rawles 1953 , Lubnow 1963 . Process of pigmentation may be disturbed due to malfunctions in genetic and physiological processes. Any disturbance in the formation of melanin or other pigments, as well as in the transport and incorporation of pigment granules, can potentially affect the bird's colour. Among the above, the most common anomalies in Woodcock are the disruption of A. Bende, A. Király & R. László melanoblast spreading and the incomplete or completely inhibited uptake of pigments into the feather cells. The uneven spread of the pigment may depend on the partial lack of melanin or on the dysfunction of the cells responsible for pigmentation (Pennacchini 2013) . The disruption in the production of the pigmentation enzyme, tyrosinase, may also inhibit the normal process of melanin production and thereby the pigment synthesis. The disruption in the production of the pigmentation enzyme, tyrosinase, may also inhibit the normal process of melanin production and thereby the pigment synthesis. The pheo-and eumelanin-producing melanocytes are formed by melanoblasts that develop in the embryonic spinal cord at an early embryonic stage and then spread to the skin and feather follicles. This process is genetically determined and in case of disruption the spread is hindered. This means that no pigment grains can be added to the feather cells as the feathers grow, because the producing melanoblasts are missing in the feather follicles and certain areas remain unpigmented. The white colour due to a hereditary pigment disorder occurs early and does not change with age. The feather pigmentation can also be inhibited by disorders of melanin synthesis or pigment transport ( van Grouw 2013) . According to international and Hungarian literature, a pigmentary lack in the most bird species, as well as in Woodcock is most common on the wings, especially on the flight feather , 2017a , b, 2018a , b, 2019 . Each part of the body can develop this lesion, which often shows bilateral symmetry. The reason for this is due to the early stages of embryonic development described above, because most often affected by leucism is the plumage of body parts furthermost of the vertebral canal. These processes can lead to lower or fully missing pigmentation in some feathers.
Albinism and leucism
In the Hungarian and international ornithological and hunting literature there are often repots of birds with different pigment deficiencies called "albino" (Anonymus 1864, Ano nimus 1906, Donászy 1907 , Bodnár 1908 , Fridli 1921 , Szakáll 1921 , Iváncsics 2002 , Szabó 2013, Anonymus 2018a), or "partial albino" (Karakosevic 1927 , Rollin 1964 , Buckley 1982 , 1987 , Ogilvie 2001 , Márok 2004 , Anonymus 2015 . We must admit that it is wrong.
From the second half of the 19 th century and the beginning of the 20 th century, we find some observations on the colour and pattern variation of Woodcock (Lakatos 1887 , Donászy 1907 , Bodnár 1908 , Csík 1927 .
These papers usually report on pigment-deficient birds (white, grey, possibly completely white), which often have a faint pattern on their feathers. In addition to the generally white-feathered specimens with few dark patterns, there are also reports of so-called "colourful" Woodcock with spotty lack of pigmentation. However, these names are not explicit and in many cases contradictory. Bodnár (1908) first emphasizes how important it is to understand the physiological factors that cause colour deviations in Woodcock. Fox and Vevers (1960) defined albinism as the complete absence of both melanins not only in the feathers, but in the iris and the skin, due to a congenital tyrosinase deficiency, which is why not only the plumage (white), but also the feet, claws and eyes are pigment-free. Real albino individuals are very rare in wild birds because of the stereo blindness of their pigment-free eyes ( van Grouw 2006) . Until now, no real albino Woodcock specimen was reported. In the published specimens with white feathers, the eyes, the skin and the unfeathered horny formations were always pigmented, accordingly, these partially pigment-deficient individuals are not albinos in the correct terminology, but leucistic mutations, which means white, with some pigmentation in some places. The common terminology for these "white-varicoloured" birds is "partial albinism", which is by definition not interpretable. Individuals lacking colour to varying degrees are not partial albinos, but so-called leucistic birds (Anonymus 2018b). Leucism is characterized by the presence of the tyrosinase enzyme, so that these birds produce melanin, and the colouring deficiency occurs only in feathers. The developing plumage is partially or completely white, but the eyes are always dark and the beak, legs and claws are also pigmented ( van Grouw 2006) . The white feathers of leucistic birds are not completely pigment deficient, as there are also Woodcocks known with almost entirely white feathers. On closer examination, however, the plumage is slightly brown or silvery, and the pattern of normal birds is partially or completely recognizable. These specimens are not albinos, as the colouring melanins are present, but their abnormal quality or even lower quantity can lead to an almost completely white feather. The very low concentration and strong dilution of the colouring agents in the plumage result in a very pale whitish colour. This disorder is called "melanin dilution", of which many types are also known in Woodcock (e.g. pastel, Isabella, etc.). In extreme cases, this lesion can also be resulted in an almost white feathering. There are also known mutations in which the amount of melanin remains unchanged, but not in quality, which in extreme cases leads to hardly coloured feathers. This change is known in the literature as "brown mutation". In fact, albinism is much less common than most ornithologists thought. By now it is well known that white discolouration in nature is rarely caused by albinism, but by any kind of leucism or by a non-hereditary reason such as disease, malnutrition ( van Grouw 2013) .
The Ino mutation
The Ino mutation is a strong qualitative reduction of eumelanin and pheomelanin. This phenomenon is often confused with albinism in bright Ino individuals. The mutation is based on a single gene linked to the sex chromosome in each species (van Grouw 2013) . The affected specimens do not develop species-specific colour due to the quantitative reduction and deficient oxidation of eumelanin and pheomelanin, resulting in spectacular colour loss. The oxidation degree of melanin varies, so that black eumelanin can be dark to very light brown, whereas reddish-brown pheomelanin is always very pale or even barely visible. The plumage has a faint pattern, particularly at higher levels of eumelanin, which is typically noticeable in species where the feathers usually contain white parts, like the feathers of Woodcock (Figure 3) . The mutant Ino bird has reddish eyes, although the iris pigments are not absent, but melanin is in a slightly oxidized state. Due to the available pigment materials, these birds have much better sight than an albino. It is to claim that the red-eyed white birds registered under natural conditions are certainly Inos and not albinos. This recessively inherited mutation occurs only in females ( van Grouw 2013) . Some publications (Boidot 2003a (Boidot , 2014 with contradictory statements are known in France about the Ino mutation. Boidot (2003) refers in his article to a very white Woodcock, described as a pastel in a photo published by A. Bende, A. Király & R. László M. Bernard Laoue. However, according to the author, the plumage of this specimen can be classified as Ino. Boidot (2014) also points to a specimen previously described as an Isabella mutant, where the Ino mutation is considered to be a realistic possibility, but the misdescription of colour in the earlier description cannot be excluded. However, no reliable literature on the occurrence of this mutation in the Woodcock is known. The publications contain photographs of preparations in which the characteristics of the mutation (such as eye colour, limbs, skin pigmentation, etc.) are not clearly identifiable. Another difficulty in describing the mutation is the lack of a sexual dimorphism, which makes it impossible to determine the sex of the Woodcock based on morphological characteristics.
International review
One of the first uniquely coloured specimen reported in England in 1825 was published in the ornithological journal "The Natural History of British Birds". This colour graphic depicts an almost completely pigment-deficient Woodcock (Url. 1). Both collections of the Norfolk Accredited Museum (Url. 4), and the Rothschild Zoological Museum (Url. 5) exhibit each a leucistic, pure white Woodcock specimen. In the year 1842, the Regélő Pesti Fashion Magazine (Regélő Pesti Divatlap) informs the readers about observing a real curiosity. This specimen had been breeding in the same nest for five years. Finally, the special bird was shot and stuffed (Anonymus 1842). In 1874, a white coloured Woodcock flushed during a driven hunt near Waterford was reported in Hunter and Competition Magazine. The cited Field noted that white-spotted Woodcock is not that rare, but the pure white is a real "rara avis" (rare bird, weiße Krähe) (Anonymus 1874). Frederick William Frohawk, a British naturalist, published in 1900 a scientific drawing of a heavily underpigmented specimen entitled "Study of a white Woodcock" (Url. 2). A curiosity bagged in Germany can be read in the Hunter's Magazine of 1864: "White Woodcock shot near Duisburg this year," is written to the "Jagdzeitung" from Düsseldorf. Count Spee's hunter killed the special bird on the evening courtship flight (Anonymus 1864). In Romania, near Crajova (today Craiova), a completely snow-white Woodcock was shot, and it was taken to the museum in Brasov, is written to a German Hunting Magazine (Anonymus 1890). Some recent literature from Russia is also known: An article on albinism reports about a white leucistic curiosity, partially dotted with brown pattern (Anonymus 2018a). On October 15, 2015, a hunter shot a Woodcock with pigment deficiency in the Aleksandrovsky district (Vladimir region). Pigment deficiencies appeared on the right and left wings for some flight feather and coverts (Anonymus 2015).
In the Hunter's Magazine an unknown Hungarian hunter reports on his hunting experiences in India in 1897. He was watching his prey of nearly 70 Woodcocks when he noticed the following phenomenon: 5 specimens of the hunting bag were of an abnormal colour. Two of them had white flight feathers and coverts on their wings (Anonymus 1897).
The richest knowledge of the colours of the Woodcock was published in France. French experts distinguish three categories based on varying levels of pigment deficiency of Woodcock (Boidot 2012a): 1. category: Less than 10% of the plumage is white. 2. category: 10-50% of the plumage is white. 3. category: More than 50% of the plumage is white.
Pigment deficiency can occur anywhere on the body but the wing feathers are the most affected. Thus, in most publications refer on birds to greater or lesser extent pigment deficient on the wing, but there are also reports of white discoloration varying degrees on different feathers on the body (Goduon 2002 , Boidot 2003a , b, 2004 , 2006 , Bruyére 2007 , Cauquil 2007 , Fulchic 2007 , Boidot 2008a , b, Boidot 2009 , 2010 , 2013a , b, Lapasset 2017 , Pascal 2019 .
Photos about some partially white specimens are also known from Italy (Pennacchini 2013) . Among the reference materials of taxidermist Stefano Panfili (Url. 6) is a photo about a Woodcock with pigment deficiency in the head and neck, while on the body white feathers are only scattered.
In the Czech Republic, on October 27, 2011, a young Woodcock with a white flight feather on the left wing was caught at the Červenohorském Sedle. The specialty of this bird is that it is the only known pigment-deficient specimen which was caught by bird ringers and not shot during hunting (Url. 3) . A. Bende, A. Király & R. László 
Pigment deficient Woodcocks in the Hungarian hunting literature
From the mid-20 th century to the First World War, articles on curiosities appeared relatively frequently in the hunting press, later, such reports are rarely to read. One of the first published reports of a white specimen in Hungary came from an October hunt in 1870 in Görgényszentimre. The special bird was shot by Tivadar Bormenissza (Anonymus 1870). Subsequently, a special coloured bird was shot in the vineyards near Páty. Its breast and mantle were completely white, the plumage pattern ashy-gray instead of brown, only the tail was slightly coloured (Anonymus 1872a). Also, in the Buda Hills in the year 1872, Councillor Schwartzer shot a special-coloured Woodcock that was completely white with the exception of three black tail feathers and some normal coloured breast feathers. According to the description, the bird had yellow, so pigmented beak and legs (Anonymus 1872b). In 1873, Count István Erdődy shot a white Woodcock on the estate of Count Ferenc Széchenyi in Somogytarnóca (Inkey 1873) . In March 1878, Joseph Manhalt, a forest keeper in the royal estate of Gödöllő, in the Kis-baghi forest successfully hunted a Woodcock with partially white plumage. According to the description, the body feathers had normal colour, while the wings were completely white except for a flight feather. The special bird was immediately sent to Vienna, to the ornithological collection of Crown Prince Rudolf (Anonymus 1878, Dittrich 1878). A white Woodcock is also known from Komárom County that was shot in 1884. This bird was exhibited in the collection of the Hungarian National Museum together with a whitish pale exemplar of unknown origin (Madarász 1884) . In 1897, a hunter named J. Nagy sent a very interesting Woodcock exemplar form County Borsod to Adolf Lendl's workshop in Buda for stuffing. According to the description, the bird was completely white (Anonymus 1897). At the turn of the century, Adam Buda mentions a white Woodcock as a rare curiosity in a report on hunting in Retyezát. This bird was shot by Samuel Mátra during the autumn hunting (Buda 1900) . Lakatos (1904) also refers in his book "The Forest Snipe and its Hunting" to some abnormally coloured, partially or completely white Woodcock exemplars prepared by Adolf Lendl taxidermist in Buda. Another completely white specimen was reported to being shot in 1906 by Count Tivadar Jankovich on his estate in Somogy County (Anonymus 1906) . According to Bodnár (1908) , in the collection of 272 exemplars of the Gymnasium in Hódmezővásárhely there was a plenty of ornithological specialties, as well as a multi-coloured Woodcock. Also, in 1908, a white Woodcock was shot by Countess Emilné Széchenyi in the forest near Vajszka, Bács-Bodrog County (Szilárd 1910) .
On March 30, 1912, János Novák, a military officer, shot a unique Woodcock in the Kisazari forest near Gálszécs (Zemplén County). The pure white plumage of this bird had only a few dark feathers, and the flight feathers were of an abnormal light brown colour (Veress 1912) . This specimen was also taken to the taxidermist Lendl's workshop for stuffing (Egervári 1912) . Near Lovasberény and Guttamási, completely white Woodcocks were shot in the 1920s as well (Szabó 2013) . In March 1921, a "multi-coloured Woodcock" was shot, which had two white flight feathers on both wings, two white coverts on the left and underpigmented alula on the right (Szakáll 1921 ). In the same report, Szakáll mentions another unpublished white Woodcock of the collection of the Gymnasium in Hajdúnánás.
On April 8, 1921 a forester Ernő Fridli, informed in the journal Hunting about an "albino Woodcock" with pigment deficiency in the first three flight feathers and the alula of the left wing and in the first flight feather of the right wing. The bird was shot by Count József Maj láth (Fridli 1921) .
After the First World War, news of unique coloured Woodcocks became rare in the professional journals, except for a few, but interesting records. Milivoj Karakosevic shot a unique specimen on the courtship flight on March 13, 1927. The wingtip and the alulae on both sides were snow-white (Karakosevic 1927) . In 1943, a white Woodcock was observed located in the South. The bird was flushed during the autumn wild boar hunt but could not be shot (Bélaváry 1943) . Unfortunately, the location of the last two records has remained unknown.
After the Second World War, news of unique coloured Woodcocks are hardly known. The frequency of colour deficiencies may not have decreased, but the reason why publication of appearance these birds was no longer considered important is unknown.
After 1943, the next announcement is from 1994. This year on March 19, Miklós Janisch shot an abnormally coloured Woodcock near Tiszakerecseny (Szabolcs-Szatmár-Bereg County), which had two white primaries and white alulae on both wings (Szakács 1994) .
On March 20, 2002, Gyula Radics shot a Woodcock with white primaries in Csöde, Zala County, the partial pigment lack extended also to primary coverts (Iváncsics 2002) . On the morning flight in March 2004, a very similar specimen was shot by Zsolt Gombás near Himod (Győr-Moson-Sopron County), with two snow-white primaries and alulae on both wings. The rare prey was taken to taxidermist Kálmán Geiger's workshop in Sopron (Márok 2004) . In the 12 078 wing samples received in our institute as part of Woodcock Bag Monitoring, only two partially pigment-deficient curiosities occurred. In 2010, a Woodcock was shot in Bács-Kiskun County, with a single pigment deficient feather: one of the secondary coverts had a white tip and a patternless vane , 2017a , b, 2018a . Among the samples collected in 2012 came from Pest County, there was a specimen with white primaries .
In spring 2018, a white Woodcock was shot as part of the sampling monitoring. This ornithological rarity is almost completely pigment-free, pigmented spots were only found on the back, on the tail feathers and partly on their coverts. This immature white Woodcock was shot on March 26, 2018 by Zsolt Marton near Noszlop (Veszprém County) on a reedy, bushy terrain nearby an alder forest. According to the hunter, the bird was flying late, lonely at the end of the courtship flight.
Concluding remarks
Based on the above, it can be concluded that the literature on the colour-and pattern variability of Woodcock is poor in both national and international context, which is not accidental, as birds of extraordinary colour are rare among individuals of this species. The most common discoloration, as in other wild bird species, is the white, so called pigment deficient mutation. In the description of birds with white-varicoloured plumage commonly used terms are "albino, partial albino or showing notes of albinism", but we know, that partially pigment-deficient individuals, so-called leucistic birds are not albinos. Findings regarding A. Bende, A. Király & R. László the INO mutation in Woodcock are found in French literature, but no reliable occurrence of this mutation is known until now. The size of the hunting bag is not negligible in terms of curiosity occurrence. An overview of the Hungarian statistics on Woodcock hunting bag data available from 1875 to the present shows, that it makes less than 0.1% of the total bag in Europe. In the light of this small amount of data, the occurrence of a unique leucistic Woodcock carries extremely valuable information. The occurrences of these rare birds are focused in areas of the considerable hunting bags, linked to the three major migratory pathways of the species, considered both royal and present-day Hungary.
Over the past 150 years, hunting of about twenty pigment deficient Woodcock has been published by dedicated hunters of the species. The uniqueness of these findings also illustrates that in our own studies as part of the Woodcock Sampling Monitoring, in the wing samples (n = 12,078) examined between 2010 and 2018, only three individuals showed pigment deficiency. Even in the case of the most common pigment anomalies, this is only 0.03% of the Hungarian bag. Even in French or Italian hunting bags, which are much larger than our local sampling possibilities such leucistic specimens are very rare. The appearance of almost entirely white individuals is a really rare event. It would be great, also in Hungary, resurrecting the tradition of reporting about the unique bird occurrences, expanding the ornithological knowledge available on Woodcock.
Request
The knowledge of white colour varieties and the list of curiosities is incomplete, so the authors ask everybody kindly to send any further information on this subject to them.
